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ABSTRACT

This report provides interim fuel consumption guidelines for
five common slash fuel complexes found in Ontario. Slash fuel con-
sumption and depth of burn were found to be related to preburn fuel
loadings, and to fire weather as expressed by the Buildup Index (BUI),
a component code of the Canadian Forest Fire Weather Index (CFFWI),
The use of these guidelines for prescribed burn planning is discussed.

RESUME

Le présent rapport fournit des directives provisoires sur la
consommation de combustibles relativement 3 cing complexes de déchets
combustibles se trouvant communément en Ontario. Une relation a &té
établie entre d'une part la consommation de déchets combustibles et
la profondeur de briilage et d'autre part les accumulations de com-
bustibles antérieures aux briilages et les conditions météorologiques
propices aux incendies en termes d'Indice d'accumulation (1.A.),
lequel entre dans la composition de 1'Indice canadien Fordt-Météo
(ICFM). L'utilisation de ces directives dans la planificatcion des
briilages dirigés est discutde.
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INTRODUCTION

The Canadian Forest Fire Danger Rating System has two component
parts: the Canadian Forest Fire Weather Index (CFFWI) (Anon. 1978) and
a series of Fire Behavior Indices (FBIs). The former is on a relative
scale while the latter are expressed in absolute wvalues.

The CFFWI is a measure of fire danger based on a series of fuel
moisture codes. In general, personnel using the CFFWI rate fire danger
and behavior higher or more extreme in a relative sense as the codes and
indices of the CFFWI increase. This rating provides an important
technique for planning presuppression action for any period of the fire
seasomn.

Fire behavior characteristics, an important comnsideration when
one is fighting forest fires, can be determined for specific fuel
complexes through the use of FBIs developed for that fuel type. Some
of these fire behavior characteristics are fuel consumption, depth of
burn, rate of spread, and frontal fire intensity as they relate to the
codes and indices of the CFFWI. FBIs are currently being developed for

a number of Ontario fuel complexes, in both standing timber and logging
slash.

A Burning Index for jack pine logging slash was issued in 1972
as Supplement ONT-1 to the CFFWI (Stocks 1972), and has served as a
basis for developing prescriptions for most prescribed burns planned
by the Ontario Ministry of Natural Resources (OMNR) over the past seven
years. This index, now referred to as an FBI, provided fire management
personnel with a means of estimating the codes and indices of the CFFWL
required to meet burn objectives set by timber personnel.

Initially, FBIs were intended for use in estimating all fire
behavior characteristics for important Ontario fuel types. For slash
complexes, the FBI format is modified to deal only with specific fire
behavior parameters such as fuel consumption and depth of burn. Esti-
mates of rates of spread and frontal fire intensities for slash com-
plexes are somewhat meaningless since they are based to a large degree
on the ignition pattern chosen for the prescribed burn (MCRae et al,
1979). This uncertainty generally precludes the use of these parameters
in an FBI designed for prescribed burning in slash fuels, and as a result
the tables contained in this report refer only to fuel consumption and
depth of burn,

In previous years, Ontario fire management personnel working
in slash fuel complexes other than jack pine used the Supplement ONT-1
tables as a rough approximation of fire behavior in conifer slash in
general, as no definitive information was available for other slash fuel
types. Recently a large amount of data has been gathered on OMNR pre-
scribed burns and this information has been used in this report to
produce interim fuel consumption guidelines for prescribed burning in
jack pine and four additional fuel types.



PROCEDURE AND ANALYSIS

Personnel from the Great Lakes Forest Research Centre (GLFRC)
engaged in prescribed fire research collected preburn and postburn fuel
data on a number of OMNR operational prescribed burns during the 1977
and 1978 seasons. Fuel sampling of slash was done according to a
modified version of Van Wagner's (1968) line intersect sampling method
as outlined in MCRae et al. (1979). Both preburn and postburn fuel
samples were taken along the same sample triangles to provide esti-
mations of slasi consumption. Depth-of-burn measurements were taken
according to M®Rae et al. (ibid.) in conjunction with slash measurements.
Data were collected for five common logging slash fuel types found in
Ontario: jack pine (Pinus banksiana Lamb.), jack pine mixedwood,
lowland black spruce (Picea mariana [Mill.] B.S.P.), upland spruce and
balsam fir (4bies balsamea [L.] Mill.) slash (see Tables 5a-9a for slash
description).

A standard regression equation in the form Z = a + bx + cy was
used for predicting slash consumption. In this equation

Z = slash consumption (kg/mz),

x = preburn slash fuel loadings (kg/m?),

y Buildup Index (BUIL) of the Canadian Forest Fire Weather
Index, and

a,b and ¢ are constants for a given slash type and diameter

size class.

Il

Values for coefficients and correlation coefficient (R) values are
given in Table 1.

Two equations were developed for each slash fuel complex, one
for fine and medium slash fuels (0-6.99 cm) and one for large slash
fuels 7.0 cm and greater. This was done since the degree of fuel
consumption of a particular slash fuel piece should be determined
largely by fuel moisture content (y, Buildup Index) and fuel size (the
ratio of surface area to volume for each fuel piece). Larger pieces
should dry and be consumed more slowly because their ratios of surface
area to volume are lower than those for smaller pieces.

A standard linear regression equation in the form of Z = a + by,
satisfying the equation Z < x, was used for predicting depth of burn,
In this equation

Z = depth of burn (cm),
x = preburn duff depth (cm),
y = Buildup Index (BUI) of the Canadian Forest Fire Weather

Index, and
a and b are constants for a given duff type.

Values for coefficients and correlation coefficient (R) values are
given in Table 2,



Table 1. Coefficient for slash consumption equations by slash fuel type
and diameter size classes.
Slash Diameter size Coefficients
type class (cm) a b C R
Jack 0-6.99 +0.0086 +0.5406 +0.0046 0.80
pine > 1.0 -0.3416 +0.2687 +0.0082 0.85
Jack pine 0-6.99 -0.2793 +0.9258 +0.0134 0.93
mixedwood > A -0.4121 +0.2669 +0.0262 0.71
Lowland 0-6.99 -0.6166 +0.9527 +0.0088 0.89
spruce > 7.0 -0.1519 +0.2454 +0.0054 0.72
Upland 0-6.99 -0.5255 +0.8158 +0.0134 0.96
spruce > 7.0 +0.0370 +0.1914 +0.0130 0.56
Balsam 0-6.99 0.0000 0.0000 +1.0000 —_——
fir > 7.0 -2.6900 +0.5862 +0.0838 0.89
Table 2. Coefficients for duff consumption
equations by duff type.
Duf £ Coefficients
type a b R
Jack +0.8240 +0.1521 a7
pine
Jack
pine +0.5881 +0.1946 .67
mixedwood
Lowland +0.8525 +0.0888 68
spruce
Upland -7.9948 +0.3244 .64
sSpruce
Balsam +2.1537 +0.0651 .46
fir
Preburn duff depth was not considered in the equation, because
duff dries only from its top surface downward and its moisture content

is a result of previous weather conditions.

of burn estimated by this method will be grea

Therefore, potential depth

possible when the fuel moisture becomes sufficiently low

duff layers to be involved in the combustion process,

ter than is actually
for the bottom
Users should



realize that depth of burn cannot exceed the duff depth (Z < y), and
the maximum estimated depth of burn obviously cannot exceed total duff
depth. In this way, preburn duff depth enters the estimate as a
restraint,

The fuel consumption guidelines described are preliminary and
are based on only a few experimental research plots representing a
small range of possible preburn conditions and Buildup Indices (Tables
3 and 4). Future research will reduce the extrapolation necessary in
this report.

FUEL CONSUMPTION TABLES

Results from Tables 1 and 2 were used in the construction of 11
tables for estimating fuel consumption and depth of burn. The purpose
of these tables is to provide the prescribed burn planner with results
obtained in this report so that he can develop the prescribed burn
prescription. Tables 5a to 9b present slash consumption estimates for
all slash fuel types. Part (a) of each table represents the 0-6.99 cm
diameter size class while part (b) represents slash fuels 7.0 cm and
greater in diameter. Table 10 provides data for estimating depth of
burn for any of the five slash fuel type sites on the basis of the BUI
in effect at the time.

The estimates are based on a BUIL calculated at the burn site at
1300 hours on the day of the prescribed burn. Somewhat lower estimates
can be expected for morning or evening burns when the relative humidity
is much greater than that measured at 1300 hours.

To use the slash consumption tables (5a-9b), one chooses the
correct table for the slash fuel common to the prescribed burn site,
then by interpolation from preburn slash loadings and BUI, one
determines the potential slash consumption for the prescribed bum site.
The estimate for slash consumption is made separately for slash between
O cm and 6.99 cm [part (a) of each table] and slash 7.0 cm and greater
in diameter [part (b) of each table]. Total slash consumption can be
estimated by adding these two estimates together. Depth of burn
estimates are made by choosing different ranges in the BUI for a particu-
lar duff fuel type (Table 10). To ensure that the prescribed burn plan
based on the data in these tables is realistic, fire personnel in
Ontario should make certain that the depth of burn is not greater than
the preburn duff depth; to ensure that the fire weather prescription
for a given prescribed burn is realistic, they should use computer
program PBWX (Martell 1978). A description of the five common logging
slash fuel types is included with the tables to provide a means of
selecting the correct tables.



Table 3. Ranges in slash consumption, preburn slash loadings, and Buildup Index (BUI) used in
developing coefficients found in Table 1.
Range in Range in
slash preburn slash
consumption loadings Range in
Slash Diameter size (kg/m?) (kg/m?) BUI No. of No. of
type class (cm) (Z) (x) (y) burns  observations
Jack pine 0-6.99 0.67= 1.75 0.67- 2.43 20-38 3 9
> 7.0 0.06- 1.89 0.27- 5.60 7-38 3 11
Jack pine mixedwood 0-6.99 0.41- 3.54 0.34- 3.54 7-37 5 56
» 740 0.12- 3.24 0.37-10.79 7-37 5 56
Lowland spruce 0-6.99 0.31- 4.04 1.00- 4.41 7-61 5 28
> 7.0 0.02- 2,22 0.22- 7.32 7-61 5 28
Upland spruce 0-6.99 0.40- 2.94 0.20- 2.96 16-61 5 22
2 7.0 0.08- 3,10 0.14-10.36 16-61 5 19
Balsam fir 0-6.99 0.67- 3,01 0.67- 3.01 27-46 3 10
> 7.0 0.78-13.80 0.78-18.31 27-46 3 10
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Table 4. Ranges in depth of burn and Buildup Index data used in develop~-
ing coefficients found in Table 2,

Range in
depth of burn Range in

Duff measured (cm) BUI No. of ME. ofF

type (Z) (y) burns observations™
Jack pine” 0.89-3.23 15-59 24 24
Jack pine mixedwood 0.27-9.15 7=37 5 46
Lowland spruce 0.00-6.40 7-42 5 25
Upland spruce 3.36-6.55 37-42 5 8
Balsam fir 3.18-7.15 27-46 3 6

%Each observation is an average of 5 depth-of-burn values except for jack
pine which is an average of 27 to 60 measurements (Stocks and Walker 1972).

%bata obtained from Stocks and Walker (1972).

The tables predicting slash fuel consumption and depth of burn
will serve as a useful guide in the preburn planning stage of a pre-
scribed burn. These two variables are usually given as objectives for
the burn and these objectives will determine the BUI required to achieve
burn objectives. Example 1 makes use of fuel consumption and depth-of -
burn tables as described in this report for estimating the BUI range of
the prescribed fire prescription.



Example 1. The use of fuel consumption and depth-of-burn tables
for estimating the BUI range of the prescribed fire
prescription.

The following table shows a number of possible outcomes for
a site with an average jack pine slash fuel loading of 1.727 and
3.873 kg/m? for the 0-6.99, and 7.0 cm and greater size classes
respectively, burned under different BUTI conditions.

BUI
11-19 20-24 25-29 30-34

Slash consumption (kg/mz):

0 -6.99 cm 1.024 1.056 1078 1.102
Slash consumption (kg/mz)b

>7.0 cm o 55 779 .820 SB1
Total slash consumption

(kg/m?) 1.746 1.835 1.899 1.963
Depth of burn® _

(cm) e Felld 4.17 4.93 5.69

acbtained from Table 5 (a).

D , ; . i
obtained from Table 5 (b).
“obtained from Table 10,

If a forest manager wished to remove a duff layer 4.5 cnm
deep in order to prepare a seedbed, the fire manager would find,
in checking chis table, that his prescription ought to have 3 BU
in the range of 25-29 or greater. Similarly, if he wished to
remove at least 60% of the fine to medium slash fuels (0-6.99 cm)
his prescription, without taking into account duff removal, would
require a BUI in the range of 20-24 or Sreater.




Table 5

SLASI TYPE: Jack plne
DESCRIFFION: Thils slash type is easlly dlstingulshed by the fact that it consists alwost entlrely
of jack plune slash, usually ps a result of cutting in even-aged jack plne stands.

(a). Lstimatlon of slash consumption (kg/w?) for jack plue slash pleces 0-6.99 ca In diaseter.”

preburn slash loading (kg/w?)

Bul 0-0.99 1.0-1.49 1.5-1.99 2.0-2.49 2.5-2.99 3.0-3.49 3.5-3.99 4.0-4.99 4.5-4.99

0-10 0.302 0.707 0.9178 1.248 1.518 1.789 2.059 2.329 2.599
11-19  0.348  0.753  1.024  1.294 Lse4  1.835 2,105  2.315 2,645
20-24 | 0.380  0.7286  1.056  1.326 1.596  1.867  2.137  2.407 2.618
25-29 | 0,403 ' 0.803 1.079 1,349 619 1.890  2.160  2.430  2.701
j0-36 [ 0.426 . Q.81 ;,;ozrr 1.372 1.642 1.913 2.183  2.45) 2,224
1539 | 0,449 - 0.855 < 1.125  1.395 1.665 1,936  2.206  2.476  2.741
w0k 0472  0.878  1.148  1.418 1,688  1.959 2.229  2.499  2.770
45-49  0.495  0.901 1171 1.4k 1711 1.982 2.252  2.522  2.793
50-54 0.518  0.924  1.194  1.464 1734 2.005  2.215  2.545  2.816
55-59  0.541  0.947 1.217  1.487 757  2.028  2.298  2.568  2.839
60-64 0.564 0.970 1.240 1.510 1.780 2.051 2311 2.591 2.6862
65-69 0.587  0.993  1.263 1.5 1,803 2.074  2.344  2.614  2.885
J0-74  0.610  1.016  1.286  1.356 1.826  2.097 2.367  2.637  2.908
75-79  0.633  1.039  1.309  1.579 L4 2.420  2.390  2.660  2.931
80-84 0.656  1.062 1.332 1.602 1,872 2.143  2.413  2.683  2.954
85-89 0.679  1.085  1.355  1.625 1.895  2.166  2.436  2.106  2.977
90-100 0.716  1.121 1.392 1.662 1,932 2.203  2.473  2.743  3.013

(continued)



Table 5 (concluded)

(b). E&clmutiuﬁ of slush consumptfon (kglmzj for juck pioe slush pieces 7.0 cw or wore ln
dlawerer.

Preburn slash loadling {kgfm2)

But 0-0.99 1.0-1.99 2.0-2.99 5.0—3.99 4.0-4.99 5.0-5.99 6.0-6.99 7.0-7.99 B.0-8.99

U-iﬁ.‘ 0.000 0,102 0.371 0.640 0.909 1,177 [ 1.446 1.715 1.983
11-19 | 0.000 0,184 0.453 0,722 u.991 1.259 1.528 1.797 2.065
20-24 §0.000 0,242 ‘ 0,511 0.279 1.048 1.317 1.585 1.854 2,123
25-29 JO.014  0.283 0.552 0.820 1.0849 1.358 1.626 1,893 2,164
J0-34 J0.055 0.324 0.593 0.861 l.l]d F__l.ﬂﬂﬁ 1.667 1.936 2.205
35-39 0,096 0,365 0.634 0,902 1.171 1.440 1.708 1.911 2.246
40-44—‘ 0.117 0,400 0.675 0,943 1.212 1.481 1.749 2,014 2,287
45-49  0.178 0,447 0.716 0,984 1.23]) 1.522 1.7490 2.05%9 2.328
50-54  0.219 0.488 0.7517 1.025 1.294 1.561 1.811 2.100 2,309
925-59 0.260 0.529 0.794 1.066 1.335 1.604 1.822 2,141 2.410 ’
60-64 0,301 0,570 0,839 1.107 1.326 1.645 1.913 2,142 2,451
65-69  0.342 0.611 0. 880 1.148 1.416 1.686 m:iﬂﬁﬁ 2.223 2,492
70-74  0.383  0.652 0.921 1.189 1.458 1.721 1.993 2.2064 2.5113
15-79  0.424  0.693 0.962 l.ZJH. 1.499 1.768 2.036 2,305 2.574
BO-84 0,465 0.734 h'“-l.ﬂﬁ] 1.211 1.340 1.80Y 2.017 2,346 2.615
Eg;éh"- 0.506  0.275 1.044 1.312 1.581 1.850 2.118 2,147 2.656
0-100 0.572  0.B40 1.109 1.374 1.647 1.915 2.184° 2,451 2,121

a
Out lned portions of table show the range of actuul duata.



Table 6

SLASI TYPE; Jack plne mixedwood

DESCRIPTION: The jack pilue climux slash type lu recognlzed by lcs slash specles mixture of juck
pine, spruce, balsawm fir, aspen and whice bireh In varying amounts. The prelurvest
foresct on such a site would be recognlzed eanlly as an overmature Jack ploe forest
with a spruce and balsaw Fir understovy,

(a). Estimattion of slash consumpc ton (kg/w?) for jack plne climax slash picces 0-6,99 cw fn

dlumerer,

Preburn slash loading (kg /w?)

HUT 0-0.99 1.0-1.49 1.5-1.99 2.0-2.49 2.5-2.99 3.0-3.49 13.5-3,99 4.0-4.49 4.5-5.99

0-10 § 0,251  0.945 1.408 1.370 2,313 2.796 3,259 1.722 4,184
H-1900.985  1.079 . k542 T 2,004 2,467 2,930 3.993 | 3.8%6 4.318

2024 1 0,478 },473 163 2008 2.56) 32024 348 | 3949 4412

25-29 | 0.5 1240 0 4701 7063 2628 3.0m 1554 | w06 4479
01 74,768 2,232 2.695 2458 3621 | 4.081 4,546

10-34 | 0.612
15-39 | 0,629 .34 | 1.835 2299 2,762 1,225 .688 | 4.150  4.613

40-4h  0.246  1.441 902 2.366  2.829  3.292  3.255  4.217 4680
4549 0.811  1.499 1969 2,433 2,896  3.339  3.822 204 4.747
50-54  0.880  1.499 1999 2.499 2,963 3.246  3.889  4.151  4.814
589 0947 LA%S 1999 2,499 2,999 3493 3.956 4418 4.081
60-64  0.999  1.499 1.999 2499 2999 3499 3999 4.485 4.948
65-69  0.999  1.499 1,999 2449 2,999 3499 1.999  4.499 4909
70-74  0.999  1.499 1,999  2.499  2.999 1499 3,999 4.499 4999
1519 0.999 1499 " 1.999  2.499 2,999 3.499  3.999 4499  4.999
80-84  0.949 1.499 1.999 2.499 2.999 3.499 3.4999 4.499 4.999 i
B5-89  0.999  1.499 1999 2.499  2.099 1499 3.999  4.499 4999

J0-100 0,999 1.499 1.999 2,494 2,949 1.499 3.999 4.499 4.999

Ceant Tnasd)

-.O'[._



Table & (concluded)

(b). Estlwacton UE slush consumption (kg/w?) for jack pine cliwax slush pleces 7.0 cm or wore
in dlaweter.
Preburn ;;;;:Iuadlng (kglmz)

wu I 0-0.99 1.0-1.9 -5.0—2.99 3.0-3.99 4.0-4.99 5.0-5.499 6.0-6.99 1.0-7.99 8.0-8.99
0-10 ju.000 0.119 0,386 0,651 0.920 L. 147 L.454 1.721 1.988 B
11-19 J0.114 0.341 0.648 0.915 1.182 1.44Y9 1.716 1.943 2.255--ﬂ
20-24 0,298 0.565 0.832 1.0%94 }.365 1,612 1.899 2,166 2,411 B
25-29 10.429 0.696 0,963 1.229 1.496 1.763 2.030 2,291 2.5064 a
J0-34 10,560 0.827 L.0Y4 1.360 1.6217 1.894 2.161 2.428 2,045 B
35-19 0.6481 0.958 1.225 1.491 L1258 2.025 2.292 2.559 2.820 -
40-44 0.822 1.049 1.330 1.622 1.8089 2.156 2.421 2.690 2.95%1
45-49 0,951 1.220 1,487 ). 753 2.020 2_287 2.554 2.821 J.odd
50-54  0.999 1.351 1.614 1,884 2,151 2.414 2.645 2,952 3‘213——"
55-59  0.999 1.482 1.749 2.015 2,282 2.549 2.816 j.083 1.350
L0-64  0.99Y 1.613 1.4840 2. 146 2.413 2,680 2.9417 3.214 3.&8]1Fﬁ
65-69 0,999 1.744 2.011 2.211 2.544 2.811 J.on8 3.345 31.612
0-74  0.999 1.825 2.142 2.408 2.675 2,942 3.209 3.476 3.?;;J"_
75-79  0.999 1.999 2.213 2.534 2.806 3.703 3.340 3.607 3.474 -
Ho-84  0.9499 1.9949 2,404 2.670 2.937 3.204 3.4171 3.738 4.005
85-89  0.999 1.999 2.515 2.001 j.068 3.315 2.602 3.86Y ﬁ.lsb N
Ju-100 0,999 1.4999 2,044 3.011 3.274 3.545 3.812 Q.]_‘.ub

4.079

a
Ouelined porctons of rtuble show the runge of actual data.

—TT_



Table 7
SLASH TYPE: Louwland black spruce

DESCRIPTION: Spruce slash conststs of cthe wmaln resldue lefc belldnd by harvesting on this slce,
Cenerally this site is wer with ground wacer level sowetlmes near the surface.
Often feather wosses and sphagnum wosses are dowlnant as ground cover.

(u). Es(lmntioa of slash consuwption (kgln2) for lowland spruce slash pleces 0-6.99 cm 1n
diameter,

Prebura slash loadtog (kg/u?)

Bul 0-0.99 1.0-1.49 1.5-1.99 2.0-2.49 2.5-2.99 3.0-1.49 3.5-3.99 4.0-4.49 4.5-4.99

Y

0-10 0.000 | 0.618  1.095  }.573  2.047  2.524  3.000  3.436 | 3.952
11-19  0.000 | 9.706 o 1,183 1.659 2.135 2,612 3.044 1.564 4,040

2024 0.053 | 0,768  1.244 120 2497 2.673 W9 3626 | 4.0
25-29  0.097 } 0,812 "].2&& ' 'Al.?ﬁi R 1Y 2N 3.193 . 3.670 4.146
30-34  0.14) 0'.&54. !;;33 A ;.gu'a 2.285 2,76} 3.23] 3114 4.190

31539 0.185 | 0,900 | 1,376 .85 2.329  2.805 S 3,280 3958 4.2

4W0-44 0229 | 0.944 0 }420c 1,897 . 2.373  2.849  3.325  3.802| 4.2m8

4549 0.213 | 0.988 +© 1,464  1.941  2.417  2.893 3,369 3.846 | 4.32
1:985 2460 2,99 3.4)3 . 3.890 |  4.366

s0-5¢  0.317 | 3,032 - }.508
55-59  0.361 | 1,006 - 1,552 & 2.029 . 2.505  2.981  2.45) .93 |  4.410
60-64 0.405 | 3.120  1.596 2,073  2.549  3.025 - 3.50}  2.978 |  4.454

65-69  0.449 1.164 1.640 2,117 2.591 3.069 3.545 4.022 4.4948
10-74 0,493 1.208 1.684, 2,161 2.637 3.113 3.589 4,066 4.542
75-19  0.537 1.252 Jl.12s 2,205 2.681 3.157 3.633 4.110 4.586
80-84  0.541 1,296 1.712 2.244 2,725 3.201 3.677 4.154 4.630
85-89  0.623 1.340 1.816 2,293 2.169 3.245 3.721 4.198 4.674
40-100 0.696 1.410 1.8487 2,161 2,839 3.316 3.7192 4,268 4. 744

(continued)



Tuble 7 (concluded)

(b). Esglwaclon of slash consumptlon (kgfmz) for lowland spruce slash pleces 7.0 cw or wore
n dlamecer,

Preburn slash loading (kg/u?)

nul 0-0.99 1.0-1.99 2,0-2.99 3.0-3.99 4.0-4.99 5.0-5.99 6.0-6.99 7.0-7.99 8.0-8.99

0-10 | 0.000 0.243  0.489  0.7% 0.979 1.225 1.470 L716 ) 1.961
1-19 | 0,052 0.297  0.543 0.8 1.013 1,229 1.524 1v.0] 2.0
20-24 | 0.090  0.335  0.580  0.826 1.071 1.317 1.562 1.807 | 2.0%3
25-29 0.117 0,362 0.607 0.451 1.098 1,344 1.584 1.834 2,080
10-1 | 0.144  0.389  0.634  0.860  1.125 1371 1.616 1.861 2.107
15-39 | 0071 0.416  0.660 0,907 1.152 1,398 1.643 ess | 2.4
40-44 | 0.198  0.443  0.688  0.9%  1.179 1,425 1.670 Lois | 2.6
45-49 | 0.225  0.430 0.715  0.961 1,206 1.452 1.697 Vo2 | 2.am
50-5¢ | 0.252  0.497  0.742  0.988  1.233  1.479 1.724 1969 | 2.215
ss-s9 | 0.2729  0.524 .76y 1.015 1.260 1.506 1,751 1,996 | 2.242
60-64 | 0.306  0.551 0.796 1.042 1.287 1.533 L2s 2.0 | 2.200
65-69  0.131  0.578  0.823  1.069 1.314 1,560  1.805 2.050  2.296
0-74 0.360  0.605 0850 1L09%  1.34) 1.587 1832 2.007  2.929
15-79  0.387  0.632  0.677 123 L3608 1614 1.459 2,106 2.150
80-84 0.414  0.659  0.904 L1500 1.395 . 1.641 886 2.am 2.7
85-89  0.441  0.666 0.9 1,127 1.422 1668 1.913 2158 2.406

YU-100  0.484 u.729 0.975 1.220 1.465 1.711 1.956 2,202 2.447

_E"[_

oy
“outltned portions of rable show the runge of wscrual dara,



Table 8
SLASH TYPE: Upland spruce
DESCRIFTION: Upland spruce slash areas are cthe result of harvesting In the upland black spruce

and boreal wixedwood forest cypes. Slash specles conslst malnly of spruce, fir,
aspen, and white birch. Usually che duff layer fa less chan 20 cw deep,

(a). Eutlmntluﬂ of alash consumption (kg!mz) for upland spruce slash pleces 0-6.99 cm in
dlawecer.,

Preburn slash loading (kg/w?)

Bug 0-0.99 1.0-1.49 1,5-1.99 2,0-2.49 2.5-2.99 3.0-3.49 3.5-1.99 4.0-4.49 4.5-4.99

0-10 0.000 0.561 0,969 1.317 1.745 2.191 2,601 3.009 3.417

n-19 [0.08)  0.695 1303 50 L919| 2327 2.3 141 3.55)

2024 | 0,477 0.789 1,397 1.605  2.000| 2,421 2,829  3.236  3.644

2529 10,244 . Q.856 - 1,264  }.672 2.080] 2.488  2.89 1,303 3711

-3 |03 0923 13N 1,739 (2041 2.555 2,963 .30 3,778
35-39 §0.378 - 0,990 . 1.398 - - 1.806  2.214 2,622 3.030  3.437 3.845
4w-44 lo,445 T 1057 7 p46s 1873 - 2.281) 2.688 3.097  3.504 3.912
as49 10.502 24 3,532 J.940 2,38 2.7  3.064 2571 3.979
s0-54 10.579 1190 1.599 0 2.007  2.415|  2.823 3.231  1.638  4.046

55-59 |0.646 1,258  }.666 2.074 2,482 2.890 3.298 3.705 4.113

c0-64 J0,713  1.325  1.033 2041 - 2,549 2.957 3.165 1,172 4.180

65-69  0.780 1,392 1.800 2,208 2.6)6 3.024 3;432 3.839 4.247

_17'[..

10-74  0.B47 1.458 1.867 2,215 2.683 3.091 3.499 3.906 4.1314
15-19  0.914 1.499 : 1,114 2,342 2.750 3.158 31.566 1.923 4.341
Bo-t84  0.981 1.499 1.999 2,409 2,817 1.225 3.633 4.040 4.448
85-49  0.999 1.499 1.999 2,476 2.884 3.292 3.700 4.107 4,515
90-100 0.999 1.499 1.4999 2,499 2.991 1.394 J.807 4.215 4.623

(cont inued)



YTable 8 (concluded)

(b). Esctimation 05 slash consumption (kg!mz) for wpland spruce slash pleces 7.0 cm or wmore
in diaweter.
Prebura slash loading (kg/m?)

LUl 0-0.99 1.0-1.99 2.0-2.99 3.0-3.99 4.0-4.99 5.0-5.99 6.0-6.499 17.0-7.99 8.0-8.94“
—0—10 0.198 0.389 0.581 0,772 0.96) F:ES5 1.346 1.538 1.229
;;-19 0.328 0.519 0.711 0.902 1.043 1.285 1,476 1.668 1.859 r
20-24 3 0.419 0.610 0, 802 0.9913 1. 184 1.376 1.5617 1,759 1,950 I
25-29 J 0.484 0.675 0.867 1.058 1,249 1.441 1.632 1.824 2.015 i
30-34 § 0.549 0.740 0.932 1.123 1.314 1.506 1.697 1.88Y9 2.080 N
35-19 | 0.614 0.805 0.9912 1.188 1.379 L.571 1.762 1.954 2,145 B
40-44 § 0.679 0.870 1.062 1.253 1.444 1.6136 1.4827 2,019 2.210 e
45-49 § 0,244 U.;;s 1.127 1.318 1.509 ‘l.?ﬁl 1.892 2.084 2,215 ‘“
50-54 § 0.809 1.000 1.192 1.343 1.574 l.?ﬁghm-ﬁﬂglﬂﬁ? 2.149 2,340 i
55-59 §0.874 1.065 1.257 1.448 1.639 1.431 2,022 2.214 2.405 i
60-64 | 0.939 1.130 1.322 1.513 1,704 1.896 2,047 2.219 2,470 1
65-69  0.999 1.195 1.387 1.578 1.769 1.961 2.152 2.344 2.515 B
70-74  0.999 1.260 }.452 1.647 1.834 2.026 2.21) 2,409 2,600
15-79 0;999 1.325 1.517 1L.708 1.899 2,090 2.282 2.474 2.665
;Ej;& 0.9499 1.390 1.582 1.713 1.964 2.156 2.4 2,519 2.730 N
;;"69 0.9949 1.455 1.647 1.0138 2.029 2.221 2.412 2.604 2.7495
9u—iuu 0,944 1.559 1.751 1.942 2,113 2,325 2.516 2.708 2,899

a s
Outlined portions of table show the range of actual data.



Tahle Y
SLASH TYPE: Balsam (lr

DESCRIPTION: This slash type Is recognizable by Its large balsam flr component. The preliarvest
stands have generally beea kllled by spruce budworm, In wmost cases the balsam flr
type bas been created by bulldazlug over the original forest staod. Spruce, white
birch, and Jack plne way also wmuke a swall coutributlon to slash loadings.

(a). Estimation of slash consumption (kg/m?) for balsam [ir slash pleces 0-6.99 cn in diamerer.?

Preburn slash loading (kg/w?)

Ul 0-0.99 1.0-1.49 1.5-1.99 2.0-2.49 2.5-2.99 3.0-3.49 3.5-3.99 4.0-4.49 4.5-4.99

0-100  0-0.999 1.0-1.499 1.5-1.999 2.0-2.499 2.5-2.999 3.0-3.499 3.5-3.999 4_.0-4.499 4.5-4.949

(b). Estimates of slash consumptlon (kg/mz) for balsam fir slash pieces 7.0 cm or more In
diameter,

Preburn slash loading (kg/w?)

nul 0-0.99 1.0-1.99 2.0-2.99 3.0-3.99 4.0-4.99 5.0-5.99 6.0-6.99 1.0-7.99 8.0-8.99

0-10 0.000 0.000 0.000 0.000 0.367 0.953 1.539 2.126 2,712
11-19  0.000 0.000 0.033 0.619 1.205 1.791 2.377 2.964 3.550
20-24  0.000 0.033 0.619 1.205 1.792 2.378 2.964 3.550 4,136
25-29 { 0.000 0.452 1.038 1.624 2.211 2,797 3.383 1.969 _4.555 B
30-34 § 0.285 0.471 L.457 2,043 2.630 3.216 J.8o02 4.388B 4.974 .
35-39 | 0.704 1.290 1.876 2,462 3.049 3.635 4,221 4.807 5.393 )
40-44 § 0.999 1.709 2,295 2,881 3.468 4.054 4.640 5.226 5.812
45-49 § 0.999 1.999 2.714 3.300 1.887 4.473 5.059 5.645 6.231
50-54 0.999 1. 999 2.999 3.719 4.306 4.892 5.478 6.064 6.650
55-59  0.999 1.999 2,999 3.999. 4.725 5.311 5.897 6.483 7.069
60-64  0.999 1.9499 2.999 3.999 4.999 5.730 6.316 6.902 7.488
65-69  0.999 1.999 2,999 3.999 4.999 5.999 6.735 7.321 71.907
70-714  0.999 1.999 2.999 3.999 4.999 5.999 6.999 7.240 8.126
75-79  0.999 1.999 2.999 3.999 4.999 -3.999  6.999 7.999 8.745
80-84  0.999 1.999 2.999 3.999 4.999 5.999 6.999 7.999 B.999
85-89  0.999 1.999 2.999 1.999 4.999 5.999 6.999 7.999 8.999
90-100 0.999 1.999 2.999 3.999 4.999 5.999 6.999 7.999 8.999

(continued)

_9‘[_



Table 9 (concluded)

Preburn slash loadlag (kg/w®)

sul 9.0-9.99 10.0-10.99 11.0-11.99 12.0-12.99 13.0-)3.99 14.0-14.99 15.0-15.99 16.0-16.99 17.0-17.9Y
0-10 3.298 1.984 4.410 5.057 3.643 6.229 6.815 1.401 1.964
11-19 4.136 4.122 5.308 5.8495 6.481 1.067 7.653 B.239 u.826 a
20-24 4.723 5.309 5.895 6.441 1.067 1.6354 8.240 B8.826 9.412
;5_—29 5.142 5.728 6.314 6.900 1.4860 4.073 B.659 9.243 9.4811
30-34 5.561 6.147 6.733 71.319 7.905 8.492 y.,078 9.664 lU.Iq‘J:J‘ i
15-34 5.980 6.566 1.152 7.738 d.324 8.911 9.497 10.083 lu.(ab;- in
40-44 6.1399 6,985 1.571 8.157 8,743 9.330 9.916 10,502 “u“u"u-u i
45-49 Fb.ﬂlﬁ 1.404 1.990 4.576 9.162 9.74Y9 10,315 10.921 H.'.‘IL;;' I
50-54 1.2147 1.4821 8,409 8.4995 9.581 10,168 10,754 11,340 11.926 B
;5—59 7.656 8.242 d.828 9,414 10. 000 10,587 11,123 11.759 Iz.:J:.-;“_-
;:64 g.075 H.661 " 9.247 -‘J.H]] 10,419 11.006 11,592 12,174 I).-.-?}.n; R
;5—69 H.494 Y.080 9.666 10,252 10,838 11.425 12.011 12,5497 13,183 o
j0-74 8.911 9.49Y9 10.085 10,671 11.257 11,844 12.430 13.016 l}.ﬁ‘l.;.!_“_‘
15-19 9.332 9.918 10,504 11.090 11.676 12.261 12.849 11.435 M.uzl__-_
ED-H!‘ 9.751 10,3717 10.923 11,509 12.095 12.682 13.260 13.854 14,440 -
u5-49 9.999 lh.?ﬁb 11.342 11.928 12.514 13.101 13,647 14,273 M.ti:;.‘._l“—"
90-100 9.9499 10,999 11.9;9 12,599 13.145 13.7171 14,1352 14.943 lb_.;'lu )

a
Outlined porclons of table show the range of sctusl data.
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Table 10. Relationship between Buildup Index (gUI) and depth of
burn (cm) for five slash type sites.

Duff type

Buildup Jack

Index Jack pine Lowland Upland Balsam

(BUI) pine climax spruce spruce fir
0-10 1.58 1.56 1.30 0.00 2.48
11-19 ks ¢ 3.51 2.19 0.00 3.13
20-24 417 4,87 2.81 0.00 3.59
25-29 4,93 5.84 3.25 0.76 391
30-34 5.89 6.82 3.69 2.39 4,24
35-39 6.45 179 4.14 4.01 4.56
40-44 7.21 8.76 4.58 565 4.89
45-49 7:98 9,73 5.03 7.25 5421
50-54 8.74 10.71 5.47 8.87 5.54
55-59 9.50 11.68 5.91 10.50 5.86
60-64 10.26 12.65. 6.36 12,12 6.19
65-69 11.02 13.63 6.80 13.74 6.52
70-74 11.78 14,69 7.25 15.36 6.84
75-79 12.54 15.57 7.69 16.98 T.d?
80-84 13.30 16.55 8:13 18.61 7.49
85-89 14.06 17.52 8.58 20.23 7.82
90-100 15,18 19.08 9.29 22.82 8.34

a
Outlined portions of table show the  range of-actual data.
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PRESCRIPTION PREPARATION

One of the more critical portions of the prescribed burn plan
~is in the development of a suitable prescription for carrying out the
prescribed burn and meeting burn objectives. A prescription may
require the quantitative estimation of a number of conditions (Table 11)
to be met during the day of the prescribed burn. Many of these factors
fortunately are correlated with the codes and indices of the CFFWI.

This makes prescription preparation easier since only a few codes and
indices must be estimated rather than all the conditions outlined in
Table 11. In Ontario, OMNR personnel have expressed some concern about
the method of making this selection for the prescription.

To obtain the CFFWI codes and indices necessary for the pre-
scribed burn prescription, fire managers should follow the steps listed
below:

(1) Consult tables 5-10 to find the range in BUI values
required to meet the prescribed burn objectives.

(2) Record the BUI range obtained.

(3) From Table 12, select a spread rate description applic-
able to your burn and find the corresponding Initial
Spread Index (ISI) values for that spread rate.

(4) Record the ISI range obtained.

(5) On the basis of the figures obtained in steps (2) and
(4), calculate the required Fire Weather Index (FWI)
values from your CFFWI tables (Table 9).

(6) Record the FWI range obtained.

(7) From Table 13, select an ignition rank description
applicable to your burn and find the corresponding Fine
Fuel Moisture Code (FFMC) range for that ignition rank.

(8) To determine the required wind speed, use the ISI and
FFMC values obtained in steps (2) and (4) and read off
the required wind speed (km/h) from your CFFWI tables
(Table 7). If the wind speed you have found appears
too high for your conditions, revise your FFMC range
upward and repeat step 5, or revise your ISI range
downward in step 3.

(9) Record the FFMC and wind speed values obtained.



(10) Determine the best wind direction for your burn and record
it. Both wind speed and direction are dependent on the
type of ignition pattern chosen for your burn.

Table 1l. Factors which may be used as prescription variables
(adapted from Martin 1978).

Weather

Wind

Temperature

Relative humidity
Precipitation
Atmospheric stability
Sunny or cloudy

Fuel

Moisture content by
size class

Load

Height

Condition

Fire

Flame length
Intensicy

Fire Application

Ignition pattern
technique
Lighting method

Soil

Moisture
Temperature

Vegetation

Condition
Moisture content

Time

Seasonal
Diurnal

Canadian Forest Fire

. Weather Index

Fine Fuel Moisture Code
Duff Moisture Code

.~ Drought- Code
Initial Spread Index
Buildup Index
Fire Weather Index



Table 12. Relationship between ISI and rate of spread (adapted from Muraro

1975)

Maximum

rate of

spread

1ST  crLass?®  (m/min)

SPREAD RATE

> 0 Low 0.0

1-2 Low 1.0

3-4 Moderate 5.5

5 Moderate 7.5
6-7 High 12.0
8-10 High 19.0

> 10 Extreme >19.0

EXTREMELY SLOW - Excessive ignition density

is required to obtain very poor coverage except
in the most concentrated slash. No real spread
of fire from ignition piles,

SLOW - Normal ignition density provides satisfac-
tory coverage in favorable slash areas., Fires
may start.

MODERATELY SLOW - Normal ignition density provides
satisfactory coverage in most slash; areas
lacking slash may not be involved.

MODERATELY FAST - Normal tgnition density provides
good coverage in all slash.

FAST - Less than normal ignition provides good
coverage involving all fuels,

VERY FAST - Less than nommal ignition provides
continuous coverage in all fuels.

EXTREMELY FAST - Mintmal ignition effort provides
continuous coverage and involves all fuels.

aOntario Fire Weather Index classes

bValues obtained from Stocks and Walker (1972) for jack pine slash fuels.



Table 13. Relacionship becween TTMC and 2ase of ignizion (adapced from Muraro 1973).

Tual ooiscura ,

FEMC C-'...ASSz concent (% O.D.)J IGHITION RANK
< 70 Low > 31 EXTREMELY DISFICULT - Ignision of fuelas

almost none=tgtanc,

71-80 Low 21-30 VERY DIFFICULT - Persistant sffors ac
favorabla locztions® yiald flamas of
low vigor. Slow zoving drip coreh provides
spoccy ignicion.

31-32 Modaraca 19-20 DIFFICULT =~ Soma affors ac favorzdla )
locartiong yields flames of low 2 modaraca
vigor. Slow moving drip toreh orovidas
iacermictent ignicion.

33-34 Modarace 17-18 MDDERATELY DIFFICULT - Some 37fors 2=
cuerzga locations= yilalds flames of
modarate vigor. Slow moviag driz torch
provides comcinucus {gnicion.

35-86 Moderace 15-16 MODERATELY EASY - [izzla af"ar" ac gueraga
locations yields Zlames of modarzza vigor.
Yoderactaly Zast moving drip torch provides
contcinuous igniciom.

37-33 High 13-14 EASY - Lizzla effort ‘ac wtfzvorabla
locazions? yialds flames of modaraza =0
high vigor. Fast moving drip zorsh pro-
vides continuous ignitionm.

39-30 High 11-12 VERY ZASY - Yo 27fore ia 'y cvor=hla
locationg yilalds flames of htgh vigor,
Vary fasc moving drip corch provides con-
tinucus ignicion. !

> 30 Extreme <11 EXTREMFLY ZASY - Yo 2rfore ac unjavorabla
locazions yields flamas of high vigor.
Adequace ignicion race limiced only by racae
of drip corch cravel.

c-:}n:aria Fira Weacher Index classas.

50vnn-dr7 fual moiscure axprassed as a percencage for slash 0-0.49 o= in diamerar.

?avorahla locacions have a slasn loading greacar chan 2.0 k:;/::'- for slash 0-6.99 ca in diamacar.
d&verag- locacions hava a slash loading of L.0-2.0 kg/m* Zor slash 0-45.99 cm in diamacar.

“.quawrable locacions have a slash loading of less cthan L.0 kg/m® for slash 0-4.99 = in diamezar
and may have disconcinucus slash coveraga.
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(11) The historical use of the fire weather prescription in
Ontario can be analyzed by means of the PBWX computer
program (Martell 1977, 1978) available through the OMNR
Aviation and Fire Management Centrel. This program can
be used to determine how frequently the specific pre-
scription has occurred in the past. Such analysis permits
a planner to evaluate the likelihood that the prescription
will occur in the future. The variables used in this
analysis should include only the FFMC, ISI and BUI. It
is impossible to determine the precise probability that
the prescription will occur because of the considerable
variability in fire weather conditions from year to year?,

Values for the Duff Moisture Code (DMC), Drought Code (DC),
temperature and relative humidity are not a prime consideration in
setting burning prescriptions since they can be multi-variable and still
achieve the same prescribed burn objectives. To obtain a similar BUI,
there are a number of DMC and DC combinations that may be used. This
is also true for the FFMC where a number of combinations of tempera-
tures, relative humidity, wind speed and the previous day's FFMC can
be used to obtain the same value. It is therefore less meaningful to
set these as variables in a prescribed burn prescription. Elimination
of these factors in the prescription ensures that the burning period
for the particular prescription is effectively increased because there
are fewer restraints. Placing prescriptions in range (e.g., BUI =
33-39) also effectively increases the number of burning chances. Exam-
Ple 2 shows how to comstruct a suitable prescription in jack pine slash.

RESEARCH MEEDS

Further research and analysis of the information presented in
this report are required to improve the reliability of results. The
number of prescribed burns examined should be expanded for all slash
fuel types. This may be done through continued monitoring by GLFRC
personnel, and through collection of data and storage in a data bank
by OMNR personnel.

With increased use of computer technology within the OMNR fire
management operation, future work should be aimed at prediction of slash
consumption on the basis of the five diameter size classes now used in
documenting slash fuels between 0 cm and 6.99 em in Ontario (MCRae et
al. 1979). Because of the great variability in diameters for slash

1P.0. Box 310, Sault Ste. Marie, Ontario. P6A 5L8
2D.L. Martell, Dec. 17, 1979. pers. comm.



Example 2. Estimating prescription variables for the prescribed
burn plan.

In example 1, mineral soil exposure on a site which had a
preburn duff depch of 4.5 cm was required for preparing a seedbed
by prescribed burning. It was determined that a BUI of 25-29 was
necessary to obtain the required duff removal (depth of burm).

Since fire crews of this particular district are not
experienced in prescribed burning, it is decided that a maximum ISI
of 5 (from Table 12) is sufficient for rapid completion of the
prescribed burn with relative safety. A realistic prescription is
set with an ISI range of 3-5.

The range in ISI and BUI values allows for a FWI range of
6-10 as found in Table 9 of the CFFWI tables.

To permit easy ignition of the slash by the fire crews and
to ensure easy control, a moderate FFMC range (85-88) is chosen for
the burn from Table 13.

The ISI and FFMC values determined thus far were used to
obtain a range in wind speed that would satisfy the ISI and FFMC
values. Table 7 of the. CFFWL tables was used to obtain the
following wind speed values:

FEMC Wind speed (km/h)
85 S - 18

86 3 - 15

87 0 - 13

88 0 - 10

To complete the prescription for this burn, planners set a
wind direction of southwest as a requirement because of the ignition
pattern chosen and forest wvalues to be saved around the south-
western portion of the prescribed burn site. An unstable atmos-
pheric condition was also stipulated to ensure adequate smoke
dispersal.
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pieces 7.0 cm and larger, computer technology could provide a one-on-
one basis for estimating slash consumption by combining species and
diameter size of the preburn slash piece and relating the product to
the BUI in a program. The one-on-one concept of correlating individual
consumption using the same fuel piece is important for larger slash
pieces since consumption rates can be vastly different for pieces of
similar diameter but of different species type (e.g., balsam fir and
poplar), and for pieces of the same species that differ greatly in
diameter size.
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